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1. Introduction
A new WI for “Enhancements to LTE operation in unlicensed spectrum” was approved in RAN#75 meeting [1]. The purpose of this WI is to improve the efficiency of LTE design for unlicensed spectrum, including scheduling enhancements allowing for reduced control signalling overhead and more efficient channel occupancy. An objective of the WI is to “Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3”. 

In RAN1#88bis meeting [2], the following agreements were made regarding the UL case:
Agreement:
At least one additional UL ending point is introduced
· The ending point is indicated with a UL grant allocating the resources for the subframe
Agreement:
At least one additional UL starting point is introduced
 FFS: details, including whether the starting point is indicated with an UL grant or not 

In this contribution, we provide our view on additional starting and ending points in LAA UL subframe. 
2. Discussion
Channel occupancy in eLAA UL
In LAA/eLAA, two types of LBT channel access procedures are defined. LBT CAT2 is a “one shot” LBT with duration of 25us. LBT CAT4 is based on random backoff with gap duration of 9us. In UL, the LBT type before PUSCH transmission can be configured by eNB in UL grant. UL transmission is only scheduled from subframe boundaries of every 1ms in eLAA and LBT occurs only at the 1st OFDM symbol of each 1ms subframe in uplink. 
Observation 1: Channel occupancy in eLAA UL is limited by relying on a single initial LBT at the start of the UL subframe. 
Due to the aforementioned design in eLAA UL, if LBT fails in the 1st OFDM symbol, the whole 1ms subframe is lost. This can lead to significant UL throughput loss as well as delay. Figure 1 shows a case that UE is dropping PUSCH transmissions on continuous scheduled subframes on LAA SCell due to failed LBT although the channel is available most of the time, but not on the specific first OFDM symbol of each UL subframes where UE is restricted to perform CCA.
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Figure 1 – PUSCH dropping due to failed LBT in eLAA design.
In RAN1#84 [2], it was agreed that HARQ-ACK on an LAA SCell for serving cells at unlicensed carriers (i.e. for DL TBs sent via unlicensed carriers) will be supported because it:
· Allows for efficient offloading of UCI from PUCCH on licensed carrier 
· Provides forward compatibility for scenarios where the connection between the cells on licensed and unlicensed bands is non-ideal.
During the eLAA WI meetings, there were several discussions about how to send ACK/NACK feedback via either PUSCH or PUCCH on unlicensed carrier. The main initial observation has been that ACK/NACK feedback cannot be guaranteed on LAA SCell due to the simple fact that LBT procedure is required to take place before any device accesses an unlicensed carrier. Therefore, when a UE has been scheduled for ACK/NACK feedback on a specific subframe on an LAA SCell, and UE fails its LBT on that cell and subframe, a problem arises. Increasing UL channel occupancy opportunities would provide improvement on this issue when HARQ-ACK through unlicensed carrier will have to be specified (e.g. when DC-based or standalone LAA will eventually need to be standardized).
Observation 2: Increasing channel occupancy in UL LAA can increase UL performance and help enabling new use cases.
Additional UL starting and ending points to increase channel occupancy opportunities
To increase the efficiency of channel occupancy in UL it should be possible to increase the opportunities of accessing the channel within a scheduled subframe. This can be done by supporting multiple starting and ending points in a subframe. In Rel-14 eLAA, the starting point in an UL subframe is indicated by UL grant out of four possible starting points (i.e. starting boundary of symbol 0 boundary, starting boundary of symbol  0 + 25 usec, starting boundary of symbol 0 + 25 usec + TA, starting boundary of symbol 1). The ending point in an UL subframe is implicitly indicated by uplink grant out of two possible ending points (ending boundary of subframe and ending boundary of symbol 12).
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Figure 2 – Starting and ending points in Rel-14 eLAA.
Despite the multiple starting points, as mentioned in previous section, all starting points are related to a single initial LBT operation. In case of initial LBT failure by UE, the subframe is dropped. However, UE could continue attempting LBT and (if successful) transmit during a period within the same subframe. With additional fast LBT taking place within the original subframe scheduled for PUSCH, the chances of utilising the planned subframe will be increased.
Proposal 1: In case of initial LBT failure, allow UE to perform additional fast LBT operation(s) within an UL subframe.
To make the most out of the additional LBT(s) within the subframe, UE can drop the normal PUSCH upon initial LBT failure and start regenerating a partial PUSCH based on the next candidate starting point. However, this practice requires a) high UE processing capability needs in order to quickly prepare the partial PUSCH and b) a-priori indication to the UE of the next candidate starting point(s), which limits the flexible access of channel within the subframe.
Alternatively, UE could have already prepared for a scheduled subframe, together with the normal PUSCH, a backup short PUSCH version in case initial LBT fails. The short PUSCH version can be designed according to the design of normal PUSCH, i.e. with matching the DMRS resources, in order to have the same reference for detection of the UE transmission and help in multiplexing short and normal PUSCH versions from different UEs on the same PRBs. When the initial LBT fails, the UE will keep sensing the channel within the subframe in case an additional LBT succeeds. Multiple combinations of starting and ending points to fit the short PUSCH version could be explicitly indicated to the UE (i.e. via UL grant) so as the UE can choose the very next available opportunity to transmit when additional LBT succeeds. eNB could have scheduled the UE with multiple potential (normal and short) PUSCH opportunities within a single subframe as shown in Figure 3. Finally, eNB could differentiate the exact starting point by detecting UL DMRS and using the knowledge of expected short PUSCH version.
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Figure 3 – Multiple scheduled transmission opportunities within an UL subframe.
Proposal 2: RAN1 should consider allowing eNB to schedule UE with multiple starting and ending point opportunities within an UL subframe. 
3. Conclusions 
In this contribution, we provided some thoughts in introducing additional starting and ending points and presented a candidate solution. The following observations and proposals were made:
Observation 1: Channel occupancy in eLAA UL is limited by relying on a single initial LBT at the start of the UL subframe. 
Observation 2: Increasing channel occupancy in UL LAA can increase UL performance and help enabling new use cases.
Proposal 1: In case of initial LBT failure, allow UE to perform additional fast LBT operation(s) within an UL subframe.
Proposal 2: RAN1 should consider allowing eNB to schedule UE with multiple starting and ending point opportunities within an UL subframe. 
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